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SUMMARY 
The purpose of this investigation was to further the development 
of the theory of point hearing capacity of foundations on the surface 
and at great depths in cohesionless soil within the normal range of 
densities of the soil. The values of the surface bearing capacity 
factor and the deep bearing capacity factor were to be determined 
experimentally. 
Load tests were conducted to determine the ultimate bearing 
capacity of one, two and three inch model footings placed on the sur­
face of sand. These surface load tests were run on sands of various 
degrees of density from loose to dense states. 
Load tests were conducted to determine similar ultimate point 
bearing capacity values for two and three inch footings placed at depths 
of fifteen diameters. The effect of skin friction was eliminated in the 
deep load tests by loading the footing through a pipe by means of a lever 
system and a loading rod which, fitted inside the pipe. 
Load settlement curves were plotted for each load test and the 
failure load was taken to be the load corresponding to the settlement 
just before failure of the footing in dense sand. The settlement just 
before failure of the footings on the surface was between six and eight 
per cent of the footing diameter. Thirty-five to fifty per cent of the 
base width was the amount of settlement needed before failure occurred 
in the deep load tests. 
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The results of the tests show that the observed bearing capacity 
for surface foundations in sand agrees reasonably well with the theory. 
The hearing capacity factors found from the surface tests compare 
favorably with theoretical values and with experimental values from other 
research. 
The observed bearing capacity of deep foundations in sand is con­
siderably less than estimated by the present theory due to the fact that 
the effect of the compressibility of the material is neglected in the 
theory. The compression of the sand under the footing does not allow 
the assumed failure surfaces to develop in loose and medium dense sands; 
therefore, the theoretical bearing capacity factors derived from the 
geometry and shear characteristics of the failure surface are not valid 
for loose and medium sands. The sand appears to be sufficiently incom­
pressible in the dense state for general shear failure to occur and the 
observed bearing capacity approaches that estimated by the present theory. 
It is recommended that further tests be conducted to determine the 
shape of the failure surfaces for loose to medium dense sands. With this 
information, theoretical bearing capacity factors, which would he com­




The Problem.--The design of foundations must satisfy two main require­
ments : namely, the soil beneath the foundation must not fail and the 
total settlement of the foundation must be kept within limits that can 
be tolerated by the superstructure. This study is only concerned with 
the failure of the foundation, or its ultimate point bearing capacity. 
The bearing capacity of a foundation on the surface is due only 
to the base resistance or point bearing capacity of the foundation. The 
bearing capacity of deep foundations and piles depends upon two parts; 
point resistance and skin resistance. It is an old problem of founda­
tion design to compute both separately. The point bearing capacity is 
essentially the bearing capacity of a foundation founded at a very great 
depth (D/B > 5)• The skin resistance consists of adhesion and skin fric 
tion; however, in cohesionless soils adhesion is negligible. The skin 
friction is produced by earth pressure acting on the surface of the pile 
In cohesionless material the base resistance increases rapidly 
with foundation depth and for deep foundations the base resistance is 
the predominant feature and the skin friction is relatively small. 
Since the bearing capacity is an extremely sensitive function of 
the density of the material, one must be able to determine the density 
of the soil with a high degree of accuracy. In view of the difficulty 
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of procuring undisturbed samples of cohesionless soil, the best estimates 
of bearing capacity are subject to considerable error. 
The bearing capacity of footings and piles located below the sur­
face in most cases has not been determined experimentally. In many 
instances where tests were conducted to measure the point resistance of 
a pile, the soil was in a dense condition. Theoretical analyses of the 
problem have been based on the theory of plasticity and on simplifying 
assumptions due to the complex mathematical difficulties of the problem. 
One erroneous assumption is that a complete general shear bulb develops 
for all v a l u e s o f d e n s i t y of the s o i l i n v o l v e d . This a l l o w s a s o l u t i o n 
of the problem by considering the geometry and shear characteristics of 
the assumed failure surface for any value of density or angle of internal 
friction. The values obtained for high degrees of compactness of the 
sand agree fairly well with the tests performed on dense sands. Owing 
to the lack of experimental tests on sand of medium and low densities 
prior to 1 9 5 1 , the bearing capacity of deep foundations on loose sands 
has been over-estimated by the present theoretical approach. 
Purpose of Research.--This work attempts to further the development of 
the theory of bearing capacity of foundations on the surface and at great 
depths in cohesionless soil within the normal range of compactness of the 
soil. Two goals are to be reached by this research. The first goal is 
to determine experimentally values of the surface bearing capacity fac­
tor N for the normal range of densities of the sand. The second goal 
is to determine experimentally the values of the deep bearing capacity 
3 
factor N' for the normal ranee of densities of the sand. It is hoped 
q. 




REVIEW OF THEORY AND LITERATURE 
Trie problem of bearing capacity of foundations on the surface of 
cohesionless soils has been studied extensively in the last twenty years 
Several different theoretical solutions of the bearing capacity of a 
foundation on sand have been proposed. Most of these solutions define 
the bearing capacity in terms of the physical properties of the soil 
(density, shearing strength, and deformation characteristics), and on 
the physical characteristics of the foundation (size, depth, shape, and 
base roughness). 
The bearing capacity of surface foundations is generally esti­
mated on the assumption that the soil is homogeneous from the surface to 
a depth far below the level of the base of the footing. 
Terzaghi (l) has shown that the bearing capacity p of a shallow 
strip foundation of width b and depth D can be represented by the 
expression: 
p = cN + qN + ~/bN (l) c q_ 2 7 
where 
N = (N - 1) cot c x q_ 
q 2 
5 
x sin(^° + §) 
cos (45 + g) 
Equation (l) can be adapted to foundations that are not strips by 
including shape factors which show the ratio of the bearing capacity of 
a non-strip type of base to a strip type: 
p = cN | + qN £ + £ ( 2 ) ^ c c ^ q q 2 7 7 
In the case of a circular base supported on the surface the values of the 
shape factors are: 




I = - 7 0 7 
In the case of a purely cohesionless soil with the foundation rest­
ing on the surface the value of the bearing capacity becomes: 
p = |rbN7 i y (3) 
Therefore, it is obvious that the most important bearing capacity 
factor for a foundation on the surface of a sand is N • 
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Many solutions of have been presented (Fig. 1 3 ) - These solu­
tions are based on the theory of plasticity and differ mainly in the as­
sumption of the shape of the sliding surface. 
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Meyerhof (2) made several small scale model tests using rectangu­
lar and square base footings. The width of the bases were 1/2" and 1". 
In his tests he studied the effects of the shape of the foundation on the 
bearing capacity. He also studied the influence of depth. His results 
were compatible with values predicted by the theory of plasticity. 
Meyerhof (3) later introduced some corrections to the values of N . 
Probably the most extensive tests to date were made by DeBeer and 
Vesic (4). These investigators made a large number of load tests on 
model footings resting on sand. In the tests they varied the unit weight 
of the sand from maximum to minimum values. In this work values of N 
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were obtained as a function of the angle of internal friction. At the 
same time DeBeer and Vesic studied the shape of the sliding failure sur­
faces by placing layers of different colored sand which contained a small 
amount of cement. After failure had occurred the cement was hydrated by 
allowing water to seep into the sand. Upon hardening the sample was 
sawed perpendicular to the longitudinal axis of the footing and the shape 
of the sliding surface could be noted. 
Three types of rupture were noted in the sand: complete rupture, 
incomplete rupture, and punching. These types of rupture always occurred 
within well defined limits of densities. The magnitudes of the settle­
ments at rupture were about five to seven per cent of the base widths. 
From the tests on the models with subsequent hardening of the 
cement the Prandtl and Rankin zones were visible. 
It was also shown that the values of bearing capacity for rough 
bases were not significantly different from values obtained for semi-
rough bases. This opinion is corroborated by Terzaghi (5)« However, 
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Meyerhof (6) found that a perfectly smooth base theoretically decreases 
the bearing capacity by one-half. 
These is not as much existing research concerning the bearing 
capacity of deep foundations on sand. Jaky ( 7 ) observed that the point 
of a pile is surrounded on all sides by soil, and there is no obstacle 
to prevent the sliding surface from developing right up to the surface 
of the pile in an inverted heart shaped type of figure. 
He generalized the Prandtl theory and neglected the unit weight 
of the soil in his analysis. The result of his analysis gives the value 
N' as : 
c 
N' = cot 0 tan 2(4y + %)e2ir t a n * -1 c r N 2 
Values of N' are plotted in Fig. 20. c 
Meyerhof (8) presents probably the most comprehensive study to 
date. In the first part of his article he develops the theory of bearing 
capacity, on the basis of plastic theory. 
q_ = cN' + qN' + ^bN' 
^ c u q 2 7 7 
where 
N* = cot 
c 
(1 + SIN 00' 
20 tan 0 
(1 - sin 0)sin(2r| + 0) 
- 1 
/., 26 tan (j) 
r = (1 + sin 0)e y _ 




\K sin(^° + f) n ^ 
L_ - | t a n ( 4 5 ° + | ) 
/ID 
To avoid calculating these values of N' and N' in every case, they have 
c q 7 
been plotted in Figs. 19 and 20. 
In the second part of his article he presents the results of 
laboratory and field load tests. His tests show that the observed 
bearing capacity of shallow foundations in sand is in reasonable agree­
ment with theoretical predictions. For deep foundations, however, the 
actual bearing capacity is considerably less than estimated. For dense 
sand general shear failure usually occurred. The mechanism of failure 
was similar to that assumed in the theory, and the extent of the rupture 
surface was much greater for strip than circular foundations. For loose 
sand local shear failure occurred without noticeable rupture surface. 
The bearing capacity of loose sand was considerably less than estimated 
in deep foundations. This was thought to be caused by the compressibility 
of the material leading to incomplete formation of the expected sliding 
surface resulting in local shear failure. Meyerhof also investigated the 
effect of the shape of the base on the bearing capacity of deep founda­
tions, and noted that the bearing capacity increases with smaller ratios of 
base to width for deep foundations and is a maximum for a circular base. 
Driven foundations were also found to have bearing capacities less than 
was estimated, but the difference was smaller than for buried founda­
tions. -This was found to be especially true when loose sand was used, 
because the influence of the compressibility of the material was partially 
offset by the increased density after installing the foundation. 
same 
For special cases Jaky's and Meyerhofs values of are the 
Caquot and Kerisel ( 9 ) have proposed a value of for deep 
foundations 
N« = 1 0 3 - 0 ^ t a n * 1 
N' = (N1 - l) cot 
c q 
These values are also plotted in Figs. 1 9 and 2 0 
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CHAPTER III 
EQUIPMENT AND INSTRUMENTATION 
In both the surface tests and the deep tests, which are entitled 
Series I and Series II, footings of various diameters were used to show 
the effect of small scaled footings used in the tests. The model footings 
used in the surface tests consisted of one inch, two inch, and three inch 
circular models made of steel plates. On the top of each model footing 
an indentation was machined in the shape of a hemisphere to accept a 
steel ball bearing which assured that the load was transferred from the 
loading device to the footing evenly in all cases. A sheet of emery 
paper, which assured a rough base, was glued to the bottom of each of the 
footings. Although recent tests by DeBeer and Vesic (10) show that the 
bearing capacity is only increased by approximately ten per cent at high 
values of the unit weight of the sand, it was felt that it would be best 
to use a rough base since Meyerhof (11), in his tests, showed that the 
difference between a semi-rough base and a rough base was significant. 
The containers used in both the surface and deep tests consisted 
of three foot sections of Armco corrugated metal pipe. This type of con­
tainer was sufficiently rigid to prevent any lateral deformation while 
the tank was being loaded. Such lateral deformation would change the 
density of the sand. 
The surface load tests were accomplished by using two loading 
apparatuses. The first consisted of a small rod and weight platform 
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connected through a micrometer dial gauge and was used in testing the one 
inch footings on loose sand. As the load was placed on the platform, the 
micrometer would register the deflection directly. This apparatus is 
shown in Fig. 22. Since the failure load for the two and three inch 
footings was between fifty-three and one hundred and seventy pounds, a 
stronger loading device, similar in principle to the first, was con­
structed using steel plates and angles. A micrometer dial gauge con­
nected to the bin measured the deflection. This apparatus is shown in 
Fig. 21. 
The deep l o a d i n g d e v i c e s c o n s i s t e d o f a steel l o a d i n g frame, which 
extended above the container and was attached to the base. A lever sys­
tem was used to load the foundation. The foundation was loaded through 
a pipe which eliminated the effect of skin friction on the bearing 
capacity of the base. The load was transmitted to the foundation by a 
steel rod which had a ball bearing we lded to its end. In each case the 
steel rod was not lowered directly onto the foundation. The rod was 
connected to the loading head and as the loading arm was lowered, the 
weight of the loading rod was gradually transferred to the foundation. 
There were two lever systems used in the deep load tests. The 
first and smaller lever, shown in Fig. 23, consisted of a piece of flat 
aluminum stock four feet in length and was used to load the footings 
in the loose and medium dense conditions. The second lever system, 
shown in Fig. 24, used in the dense conditions, consisted of a fifteen 
foot T beam fashioned from one inch steel stock. Lead weights were used 
to apply the load. The large lever arm was counterweighted so that upon 
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centering the loading head on the loading shaft there were only one 
hundred pounds applied to the footing. This included the weight of the 
loading shaft and was determined by placing a scale under the loading 
shaft. The effect of friction in the loading apparatus was checked by 
adding weights to the lever and weighing the load produced at the lever 
shaft. In all cases involving the large lever system the load produced 
was equal to ten times the load added plus one hundred pounds. The 
small lever arm was not counter weighted and the load produced at the 
loading shaft was found to be four times the load added plus twenty-two 
pounds. 
The other item of special equipment used during this study was the 
container which supplied the sand to a nozzle arrangement used in placing 
the sand in the tank. This consisted of a fifty-five gallon barrel to 
the bottom of which a three inch water hose was attached. On the end of 
the water hose was a flared nozzle; the diameter of the nozzle at its 
flared end was six inches. The sand was poured from the nozzle through 
a sieve arrangement of holes one eighth inch in diameter. An illustra­
tion of the barrel and hose appears in Fig. 24. It was found that the 
size and spacing of the holes affected the void ratio obtained from 
dropping the sand from the various heights. The size of the holes used 
did not give a large variation in void ratios as the height was varied, 
but it was found that in using smaller diameter holes the sand would not 
flow freely from the container and the density was affected. The fifty-
five gallon barrel, used for filling the test bin, was raised above the 
bin by means of a crane. The barrel which supplied the sand through the 
flared nozzle could be maintained at any desired elevation by the auto­




Preliminary Tests.--Before the main loading test could be run, certain 
preliminary tests were made. First, a sample of the sand to be used in 
the load test was dried and a series of triaxial shear tests were run on 
the sample. Each sample was prepared by dropping the sand from a sieve­
like container into the membrane, which was held in the forming mold., 
from various heights. These heights varied from zero to thirty-two 
inches. After the sand was dropped into the mold, the cap was applied 
to the top of the specimen. The specimen was then carefully placed in 
the loading machine. The confining pressure applied to the sample was 
applied by a, vacuum pressure pump. This pressure could be measured by a 
vacuum gauge connected to the specimen. The load tests on the specimen 
were run in a continuous strain device at the rate of 0.005 inches per 
minute. The triaxial test was performed according to standard procedures. 
The results of the triaxial shear tests are plotted in Fig. 1 which show 
the angle of internal friction as a function of the void ratio. 
The sand to be used in the model tests was first dried and placed 
in a storage bin. The drying was accomplished by first placing the damp 
sand in sacks and then putting the sacks of sand in a heat room which was 
maintained at a temperature of about 130°. After approximately two days, 
the sand was removed and placed in the storage bin. 
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Tests to calculate the variations in density with respect to the 
height of drop were run on the sand. First, small scale tests were run 
in a one cubic foot container which could be continually weighed on a 
scale. The same nozzle arrangement which was used to drop the sand into 
the larger bin was used in this test. The calibration consisted of 
dropping the sand from zero, four, eight, sixteen, and thirty-two inches, 
and then weighting the sand after each successive drop. After performing 
the tests on the one cubic foot bin it was thought advisable to perform 
tests on the full-size container. This was done by first lifting the 
full-size container onto a platform type scale, and the sand was then 
poured from the storage bin into the test bin from heights of zero, four, 
eight, sixteen, and thirty-two inches. Again the unit weight of the sand 
in the container could be determined from the weight and volume relation. 
The effect of the different sizes of containers can be seen in Fig. 2. 
Notice that for the series of drops made in the triaxial shear tests the 
void ratios at each increment of height are smaller than the void ratios 
for the full size and one cubic foot tests. The cause of this difference 
is thought to be aerodynamic. It can also be seen in Fig. 2 that for the 
full size tests there is little change in the void ratio when the sand 
is allowed to drop from a height of more than sixteen inches. However, 
there is a decrease of void ratio of about 0.06 between zero, eight, and 
sixteen inch drops. The void ratio can be changed to unit weight in 
pounds per cubic foot by: 
G x 62 0 4 s 
7 = 1 + e 
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The unit weights obtained from each height of drop of the sand were 
checked many times and the results were reproduced with small variations. 
This was a very important factor because the bearing capacity is a sensi­
tive function of the angle of internal friction which varies with the 
unit weight of the sand. If the results had been difficult to reproduce 
the values of the bearing capacity factors would have been subject to 
great error. 
A truly dense condition of the sand could not be obtained by 
dropping the sand; increasing the height of fall more than thirty-two 
inches d i d not i n c r e a s e the u n i t w e i g h t o f the sand a p p r e c i a b l y . In o r d e r 
to obtain a dense sample the sand was compacted in two inch layers by means 
of a hand tamper. The unit weight of the dense sand was determined by a 
sampling method which consisted of inserting a sharpened ring into the 
sample and then removing the sand from around the edges of the r i n g ; then, 
another sharpened plate was inserted cutting the sand off at the base of 
the ring, thereby a sample of known volume was secured. The sample could 
then be weighed and the unit weight obtained from the weight-volume rela­
tionship . 
Load Testing Program.--The load testing program consisted of two series 
of tests. Series I is confined to the load tests on surface foundations. 
Series II consists of load tests on deep foundations. In Series I two 
tests were run on each diameter of footing with the density of the sand 
varying from loose to dense. The loose condition was obtained by dropping 
the sand from a height of zero inches. This corresponded to a void ratio 
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of I.07. A void ratio "between loose and medium dense was obtained by 
dropping the sand from a height of eight inches. This resulted in a 
void ratio of O.92. The medium dense condition was obtained by dropping 
the sand from a height of sixteen inches. This resulted In a void ratio 
of 0.86. The height of drop of the sand was maintained constant by 
attaching a plumb bob to the nozzle and setting the lengths of the string 
holding the plumb bob so that the distance from the nozzle to the point 
of the plumb bob could be either eight or sixteen inches. Then, as the 
sand was placed into the test bin, the point of the plumb bob was allowed 
to come i n contact with the s u r f a c e o f the sand, t h e r e b y a s s u r i n g t h a t 
the height of fall remained constant until the bin was loaded. The load­
ing of the bin is illustrated in Fig. 25-
The dense condition was obtained by tamping the sand with a hand 
tamper In two inch layers. After the sand had been placed in the test 
bin to the surface of the bin, the surface was struck off smooth by means 
of a sharpened plate. The excess sand was then removed and placed back 
in the storage bin. After leveling the surface, the model footing was 
then placed in the center of the container, care being taken to place the 
model gently into contact with the surface of the sand. Next, the loading 
device was assembled and the micrometer dial gauge was brought into con­
tact with the top of the footing. The micrometer dial gauge was set to 
zero and placed on top of the footing before the ball bearing and loading 
rods were brought in contact with the model foundation. Upon placing 
the loading rod on the model, a deflection was read on the micrometer 
dial gauge and recorded as the initial deflection. This deflection 
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depended upon which loading apparatus was used. The amount of load caused 
by the loading apparatus used for the one inch footing was grams. 
The weight of the loading apparatus used for the two and three inch foot­
ings was 0 . 6 0 pounds. After the loading apparatus was brought into con­
tact with the footing, loads were placed on the footing in even increments 
and the footing was allowed to settle until settlement practically stopped. 
In each case the footing was loaded with about ten per cent of the expected 
failure load. The loading and recording of settlement was continued at 
this uniform rate until the failure load was approached, then the loading 
r a t e was reduced u n t i l f a i l u r e o c c u r r e d . A f t e r f a i l u r e , the f i n a l s e t t l e ­
ment was measured and any deformation of the surface of the sand adjacent 
to the foundation was measured. After all measurements were made, the 
loading apparatus and the footing were removed and the sand was then 
shoveled back into the storage bin. If any uneven or unbalanced settle­
ment was noticed, such as one side of the model settling more than the 
other, the results of this test were recorded, but were not used in the 
computations. In these cases the load test was run again so that only 
failure by even settlement was used in computing the bearing capacity of 
the model. 
Series II tests on deep foundations were run on two and three inch 
model footings each placed at depths of fifteen diameters. It was appar­
ent that the close agreements between each pair of identical surface tests 
eliminated the necessity of repetitious tests; hence, only single tests 
were conducted on the deep foundations at each value of void ratio. The 
elimination of these repetitious tests was of considerable importance in 
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order to economize on the time required to charge the bin, run the test, 
and remove the sand. The time thus saved was more than two days on each 
test. However, two and sometimes three tests were run for the dense con­
dition of both the two and three inch deep footings to determine the 
settlement of the footing just prior to failure. In some cases an exces­
sive settlement on a sample was encountered; and the test had to he re­
peated sufficiently to establish the correct "bearing capacity of the sand. 
In the Series II tests, the void ratio used for each test was the same as 
those used in Series I. The two inch footing was tested under loose, 
l o o s e t o medium dense, medium dense, a n d dense conditions. The three 
inch footing was tested under the same conditions. 
The test program consisted of first bringing the sand to footing 
level,, then the footing and the pipe, which protected the loading rod 
from coming into contact with the sand were' placed at that level. A piece 
of masking tape was placed around the footing and pipe juncture to pre­
vent sand from entering into the space between the sleeve and the outside 
of the pipe. This step prevented friction from developing between the 
sand and the two surfaces. After the pipe was bolted in situ, the sand 
was placed in the container, loading the container to its surface. The 
surface was struck off with a sharpened piece of angle. The micrometer 
dial gauge was set at zero and brought into contact with the loading 
rod. Next, the lever device was gently lowered onto the loading rod and 
brought into equilibrium. The deflection resulting from placing the lever 
device on the loading rod was read and the footing was then loaded in even 
increments. After each increment of load, the footing was allowed to 
settle until the settlement had practically ceased; then the next incre­
ment was placed on the lever device. This uniform increment of load, 
which was approximately ten per cent of the expected failure load, was 
continued until the failure load was approached; then the increment of 
loading was reduced until the failure occurred. In the case of a deep 
foundation, no observed deflection of the surface was noted for any of 
the tests. After failure occurred, the loading device was unloaded and 
removed from the loading rod; then the sand was removed from the con­





The purpose of this work was to study the point hearing capacity of a 
foundation in a cohesionless soil. This discussion will consist of four 
parts: first, a report of the surface load tests of Series I; second, 
an interpretation of significant test results from Series II; third, a 
report of the deep load tests of Series II; and fourth, an interpreta­
tion of the test results of Series II. 
Results of Surface Load Tests 
Tables 1, 2, 3_> and k give load settlement results for Series I tests. 
Load settlement curves corresponding to these tests are presented in 
Figs. 3, k, 5, 6, 7, and 8. 
Surface Tests in Dense Sand.--Terzaghi (12) defines two limiting types 
of failure in real soils.. The first, general shear failure, is charac­
terized by a load settlement curve with a sudden and well defined passage 
into failure. This type of failure occurs in compact soils with little 
compressibility and small strains at failure. In a load settlement test; 
on a dense sand each increment of load added produces a proportional 
amount of settlement. The load settlement curve is practically a straight 
line in this first portion before failure occurs. Figs. 6, 7, and 8 
illustrate this type of curve. As soon as the failure load is reached 
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the footing settles suddenly and the amount of settlement is no longer 
proportional. This is represented by a sharp drop off of the load settle­
ment curve. In each case of failure of a footing of definite diameter on 
dense sand, there was found a consistent ratio between the amount of 
settlement just before failure and the footing diameter. In the case of 
the one inch diameter footing the settlement prior to failure was O . O 7 6 
and 0 . 0 8 2 inches or roughly eight per cent of the base width. In the case 
of the two inch footing the settlement was 0 . 1 2 inches or six per cent 
of the base width, and for the three inch footing the settlement was 
0 . 2 2 2 and 0 . 2 0 5 inches or 6 . 8 per cent. From the load settlement curves 
in compacted sand, a clearly marked passage into failure is evident. 
This failure occurred by rupture as defined by the Prandtl Theory or as 
described by Terzaghi for general shear failure. Therefore, in dense 
sands the failure load is not difficult to define. The settlement needed 
to produce failure was found to be between six and eight per cent of the 
base diameter for these tests. 
Surface Tests in Medium Dense Sand.--In the case of medium dense sand 
the failure load was not as obvious as in the dense sand. The failure 
occurred in the following manner. Each increment of load produced a 
larger settlement than in the dense condition, but the settlement remained 
proportional to the load until the total settlement reached the range of 
about six to eight per cent of the base width. At this point the load 
settlement curves in each case take on a steeper slope. This is shown 
in Figs. 3, k, and 5- Upon continuing the loading in some tests, another 
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failure seems to occur and the settlement again increases. A rupture 
zone can usually be seen on the surface of the sand as was evident in 
the dense conditions. 
Surface Tests in Loose Sand.--In the failure of foundations on loose 
sand there was no evidence of any rupture zones on the surface. The 
only disturbance of the surface was due to the settlement of the founda­
tion which left a hole in the surface slightly greater than its diameter. 
The exact load producing failure in the tests involving loose sand was 
not easily determined. The amount of settlement increased as the load 
grew larger; this is well illustrated in load settlement curves for the 
loose conditions, Figs. 3> 4, and 5 , which do not show any evident of a 
well defined drop corresponding to any particular load. 
Rupture Patterns for Surface Tests.--Although it was not the purpose of 
this research to study the rupture pattern, some remarks on the condi­
tion of the surface of the sand after failure occurred may be of interest. 
In the case of the one inch footing on a dense sand, the rupture surface 
was visible on the surface of the sand in the form of an egg shaped 
bulge on only one side of the footing. The maximum diameter of the 
bulge was h . Q inches. The rupture surface appeared as a depressed con­
centric circle eight inches in diameter around the two inch foundation 
on dense sand. In the second test of the two inch base the circle was 
not quite concentric and had a diameter of nine inches, and bulges were 
noted on all sides. The failure of the three inch base produced another 
almost concentric depressed circle 12.6 inches in diameter with bulges 
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appearing just beyond the extremities of the depressed base. In all the 
cases of medium dense sand the ruptures did not appear completely enough 
to be measured definitely, although there was evidence of failure on the 
surface of the sand. Illustrations of the rupture patterns appear in 
Fig. 26. 
Interpretation of Surface Test Results 
Before any values can be assigned to the ultimate bearing capacity of the 
sand in the various tests a failure criterion must be defined. In the 
case of a failure in a dense sand, the failure load is clearly defined 
by a sudden sinking of the footing and by the appearance of the rupture 
zone on the surface of the sand. This failure load corresponds to a 
settlement of six to eight per cent of the footing width. In the case 
of a failure of a medium dense sand sometimes a second failure can be 
observed too. The first failure occurs at about six to eight per cent 
of the footing width. Therefore, the failure criterion in all cases 
should be considered to be the load corresponding to the settlement just 
prior to failure in the dense state for each diameter of footing involved. 
With this failure criterion defined, it is possible to find the magnitude 
of the load which produces failure in each case by selecting the load 
corresponding to the failure settlement of the dense condition from each 
load settlement curve. These loads are recorded as Q in Table 5-
One of the goals of this research was to determine experimentally 
the values of the bearing capacity factor and express it as a function 
of the angle of internal friction, 0 of the sand. In Table 5, values 
of height of fall of the sand, angle of internal friction, unit weight 
2h 
and void ratio corresponding to the failure load Q are tabulated. Re­
stating equation ( 2 ) : 
p - cN £ + qN £ + 7̂hN £ c bc q q 2 7 b 7 
we observe that as a first approximation of p in dealing with a so-called 
cohesionless material supporting a foundation on the surface, the first 
two terms in the above equation should become zero by virtue of the fact 
that theoretically c and q are both equal to zero, the result being: 
p = 7̂bN I * 2 7 7 
This equation contains only one unknown N^ and its value can easily be 
found by the equation: 
N = 
7 b*tr 
The results of this solution, not corrected for cohesion effect, appear 
in the column headed "N Not Corrected" in Table 6. It is known that 
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there is some cohesion due to the interlocking of the grains in dense 
sands. In order to try to compensate for the possible existence -of this 
cohesion values of p were plotted corresponding to the same void ratio 
for each diameter of base in Fig. 9- A straight line proved to be the 
best fitting curve connecting the values of p for each void ratio con­
cerned. For a footing on the surface with a base width equal to zero, 
equation (2) becomes: 
2 5 
p = cN | ^ c bc 
If no cohesion existed, the mean curve connecting the values of p in Fig. 
9 should pass through the origin when b is equal to zero. This, however, 
is not the case as seen in Fig. 9j all the curves intersect the p axis 
at increasing values of p for decreasing values of void ratio. This can 
only mean that when the base diameter is equal to zero the value of the 
p intercept for each void ratio is equal to: 
cN £ c bc 
This value, though not large, has a considerable effect on the value of 
. Therefore, to compensate for the presence of a cohesive force due to 
the interlocking of the grains of the sand, a correct value for is: 
p - cN £ 
N = = 
7 |7b 
The value of cN c £ is easily obtained by selecting the p intercept for 
each void ratio involved, Fig. 9- The results of this correct value for 
appear in the column headed "N^ Corrected" in Table 5- For use later 
in the computations concerning the deep load tests, values of c_̂ , the 
cohesion of interlocking, were determined for each void ratio by substi­
tuting known values of N and | into: 
c bc 
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and solving for c_̂ . The results of this computation are presented in 
Fig. 10. 
Fig. 11 presents "N Corrected" and "N^ Not Corrected" graphically 
as a function of the void ratio. The effect of the cohesion of inter­
locking can he seen in these curves. The values of "N Not Corrected" 
7 
for the cohesion effect are in most cases one hundred per cent higher 
than the values of "N Corrected." Therefore, although the actual value 
7 
of c. was rather small, it had a very pronounced effect on N since the l ' 7 
sizes of the models used were small. Fig. 12 presents the ultimate goal 
of the load test performed in Series I, a curve showing the "bearing 
capacity factor N as a function of the angle of internal friction (/) of 
the sand used. Fig. 12 compares favorably with the experimental results 
of other investigators shown in Fig. 13- Therefore, a small error in c 
means a terrific error in N --a shortcoming of model work in soils. 
7 
Results of Deep Load Tests 
Tables 7 and 8 give load settlement test results for Series II tests on 
deep foundations. Load settlement curves corresponding to these tests 
are presented in Figs. lk, 15, l6, and 17. 
Deep Load Tests in Dense Sand.--The failure of a deep foundation in a 
dense sand was similar to the failure of a surface foundation. As the 
load on the base was increased, the settlement produced was proportional 
to the load, and the load settlement curve was approximately a straight 
line. When the failure load was reached, the foundation settled suddenly, 
but no evidence of the failure appeared on the surface. Repeated tests 
with the sand in a dense condition showed that there exists a ratio 
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between the amount of settlement just prior to failure and the footing 
diameter used. In the two inch footing the settlement prior to failure 
was .73 inches, 36.5 per cent of the footing diameter. This result was 
much greater than the six per cent value obtained for the two inch sur­
face load tests. The settlement prior to failure of the three inch base 
in the dense sand was l.k-6 inches or kj.7 per cent of the footing diame­
ter. This also was much greater than the 8 A per cent obtained from a 
similar surface test. From the load settlement curves for deep founda­
tions in dense sand, a clearly marked passage into failure is evident. 
It is thought that this failure occurred Toy rupture as defined "by Meyer­
hof (13) with the formation of a bulb type of failure surface. Terzaghi 
(14) has indicated that the bearing capacity is approximately equal to 
that given in equation (2), using surface bearing capacity factors, with 
additional effects of skin friction along the foundation shaft, and the 
shearing stress along a vertical outer boundary of the mass of soil ad­
jacent to the foundation. From this work TerzaghiTs Theory does not 
appear to be valid in dense sand. This is due to the difference in the 
shape of the failure surface assumed, and due to the actual bulb shaped 
failure surface formed when the dense sand fails. 
Deep Tests in Medium Dense Sand.--The failure load in a medium dense sand 
is not as easy to determine as in a dense sand. The failure occurred in 
the following manner. Each increment of load produced a larger settle­
ment than in the dense condition, and the first portion of the load set­
tlement curve was a flat curve instead of a straight line. When the 
settlement reached a value of about 3 ^ - ^ - 5 per cent of the base diameter, 
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the curve became steeper. This is shown in Figs. 14 and l6. This type 
of failure was not what could be considered a general shear failure; it 
should rather be termed a local shear failure. 
The first indication that the theoretical bearing capacity factors 
for deep foundations in medium dense sand were not valid came in the 
first deep foundation load test. This test was run on a two inch foot­
ing in medium dense sand. The failure load was estimated to be I 5 8 O -
pounds and the large lever device was used in the test. When the load 
reached 170 pounds the footing failed. This was about the failure load 
t h a t was e s t i m a t e d u s i n g b e a r i n g c a p a c i t y f a c t o r s f o r s u r f a c e f o u n d a t i o n s . 
This made it necessary for a smaller lever device to be used in all tests 
except those in dense sand. 
The actual failure load for foundations in loose sand could not 
be determined directly from a load test. The load settlement curves show 
a steady increase in steepness with no straight line portion. Here again 
the failure loads were closer to those estimated by using surface bearing 
capacity factors instead of deep bearing capacity factors. 
Interpretation of Deep Test Results 
The failure criterion in all cases of deep tests shall be considered to 
be the load corresponding to the settlement just prior to failure of the 
foundation in the dense state for each diameter of footing involved. The 
failure criterion is determined by the same reasoning used in the surface 
tests. The settlement just prior to failure of the two and three inch 
footings in the dense states was 0.73 and 1.4-6 inches respectively. This 
can also be expressed as 36.5 and 47-7 per cent of the respective base 
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diameters. The settlement of the two inch footing prior to failure was 
determined by extending the straight line portion of the load settlement 
curve until it crossed the settlement axis; this intercept was taken as 
zero settlement and eliminated the nonuniform settlement in the first 
portion of the curve shown in Fig. 15- Knowing the settlement, prior to 
failure in each case, makes it possible to determine the failure load 
from the load settlement curves of each load test. The failure loads 
are recorded as Q in Table 9-
The failure loads in loose and medium dense sands were less than 
estimated using Caquot's theoretical bearing capacity factors for deep 
foundations. The reason for this discrepancy is in the assumptions used 
in deriving these values. In deriving bearing capacity factors for deep 
foundations a general shear failure and rigid soil is assumed. The soil 
in the plastic zones, and for some distance beyond the failure surface, 
is actually compressed and may be subject to volume changes. This com­
pression of the soil is particularly important when the soil is loose 
and compressible. A complete failure surface bulb cannot be developed; 
therefore, the basis on which the bearing capacity factors are derived 
does not actually occur in loose and medium dense sands. 
The second goal of this research was to determine experimentally 
the values of deep bearing capacity factors and express these as a func­
tion of the angle of internal friction of the sand. The general bearing 
capacity equation is: 
p = cN1 + 7DN' + 5"7bN' (k) 
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where: 
N f = (N1 - 1) cot 
c v q ' 
c = c. = Cohesion due to interlocking 
of grains 
Substituting the above value of N' into equation (k) we get 
c 
p = c i cot - 1) + 7DJT + |rbN^ (5) 
Solving equation (5) for we get: 
p + c. cot (jfr - iy-bN' 
r = 1 § — y - (6) 
^ cot (f + 7L 
Table 9 presents a tabular solution of equation (6) for loose, medium 
dense, and dense sands. The effect of W on N' can be estimated by con-
' 7 q 
sidering the base to be equal to zero, giving: 
p + c. cot 0 
H' = 1 (7) 
^ c_̂  cot 0 + ~yD 
Table 9 also presents a tabular solution of equation (7)° The values 
of c^ used in the computations were determined from Fig. 10. values 
obtained from equation (6) do not differ greatly from values obtained 
from equation (7). Therefore, the effect of TH1 can be neglected when 
small footings are used and the final values of used are determined 
from equation (7)' Fig. 18 presents the ultimate goal of Series II, 
31 
a curve showing the hearing capacity factor N' as a function of the angle 
1 
of internal friction of, of the sand. Values of N 1 can he obtained from 
r 7 c 
the relation: 
N* = (N« - 1) cot 
c q 
From Fig. 18 it becomes apparent that the bearing capacity factor 
is approximately equal to for surface foundations for loose and 
medium dense sands, and approaches the theoretical value of for dense 
sands. Therefore, it would be wise to use N' equal to N for design 
q q 




The following conclusions can he drawn from the results of this 
research. Conclusions one through four deal with surface tests, and 
five through nine deal with deep tests. It should he kept in mind that 
the deep tests apply only to point hearing capacity. 
1. The observed bearing capacity for surface foundations in sand 
agrees reasonably well with the theory. 
2. Three types Of rupture exist in sand: general shear failure, 
local shear failure, and punching. These three types occur in dense, 
medium dense, and loose sands respectively. 
3- Failure occurs in surface foundations when the settlement 
of the base reaches six to eight per cent of the footing diameter. 
h . A cohesion due to grain interlocking is apparent in sand, and 
affects the value of bearing capacity observed especially in small model 
tests. 
5- The observed bearing capacity of deep foundations in sand is 
considerably less than estimated by the present theory because of the 
compressibility of the sand. It is believed-that the failure surfaces 
assumed in the theory do not develop in loose and medium dense sands. 
6. Three types of failure also appear to exist in the deep load 
tests in sand. In dense sand general shear failure occurs; in medium 
dense sand local shear failure occurs; and in loose sand, because of 
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the compressibility of the sand, the footing fails by punching farther 
and farther into the sand. 
7- Failure occurs in deep foundations when the settlement of 
the foundation reaches thirty-five to fifty per cent of the footing 
diameter. 
8. Use of theoretical values of bearing capacity factors derived 
for deep foundations in loose and medium dense sand will lead to over­
estimating the point bearing capacity of the footing concerned. 
9- Close approximation of the ultimate bearing capacity of 
foundations in loose and medium dense sand can he obtained by using 
bearing capacity factors derived from surface and shallow foundation 




In order to aid the theoretical determination of more accurate 
values of hearing capacity factors for deep foundations, it is recom­
mended that studies he made to determine the shape of the failure sur­
face for loose, medium dense, and dense sand. This could probably be 
done in a similar manner to that used by DeBeer and Vesic ( 1 5 ) . The 
sand used in the tests should consist of two portions, one portion a 
dark color and the other portion a light color. The sand should be 
mixed with cement in proportions of ten to one so that the angle of 
internal friction of the mixture would not be different from that of 
the sand by itself. The sand should be stored in two charging contain­
ers so that alternate one-half inch layers of light and dark sand could 
be placed in the test bin. The desired density of the sand could be 
obtained by dropping the sand from various heights. Each layer of the 
sand should be struck off level by a very sharp cutting device. This 
would probably be the most difficult part of the test since the pipe 
containing the loading rod would be in the center of the test bin. 
Load tests could be run similar to those described in this project. 
After failure of the footing water should be allowed to seep into the 
test bin to hydrate the cement. After a few days the hardened sample 
should be sawed across the footing and the shape of the failure sur­
face photographed. 
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The tests recommended above need further study rather than further 
study of load tests, because it has been shown in the research conducted 
in this project that the failure surfaces assumed for theoretical analysis 
of the bearing capacity factors did not develop in the tests on loose 
and medium dense sand. With a better understanding of the failure sur­
faces of loose and medium dense sand, it might be possible to develop the 
theory concerning deep foundations to the extent that shallow and surface 
bearing capacity theory has been developed. 
Load tests could also be performed on piles placed and driven in­
to the sand and the effect of skin friction and the method of installa­
tion studied. 
In addition to the above recommendations, this author further sug­




Table 1. Glossary of Abbreviations 
A = area 
b = diameter of footing 
c = cohesion 
c^ = cohesion due to interlocking of sand grains 
D = depth of foundation 
e = void ratio--volume of voids per unit volume of solid 
soil constituents 
G g = specific gravity of soil solids 
h = height of fall of the sand 
K = coefficient of passive earth pressure P 
N . N . N = bearing capacity factors for surface foundations c 7 qf 7 
N^, N^, N^ = bearing capacity factors for deep foundations 
p = pressure per unit of area 
Q, = total load at failure on the point 
Q g = total load at failure on sides (skin friction) 
q. = surcharge = yD 
s = settlement of foundation 
7 = unit weight of the sand 
0 = angle of internal friction 
£ , | , £ = shape factors c q_ 7 
n = angle describing the extend of the Rankine zone 
Table 2. Load Settlement Test Results Series I Footings on the Surface 
1" Base 2" Base 3" Base 
Load Settlement (inches) Load Settlement (inches) Load Settlement (inches) 
(grams) Test 1 Test 2 (grams) Test 1 Test 2 (pounds) Test 1 Test 2 
1+1.6 0.002 0 .002 267.5 0.000 0.000 1-37 0.000 0.000 
91.6 0.005 0 .007 728.4 0.020 0.018 2.38 0.005 0.004 
l4l.6 0.012 0 .009 1202.7 0.066 0.060 3.38 0.020 0.020 
191.6 0.031 0 .025 1402.7 0.095 0.090 4.64 0.049 0.045 
24l.6 0.042 0 •035 1602.7 0.120 0.110 5.89 0.082 0.084 
291.6 0.064 0 •055 2070.7 0.190 0.200 7-13 0.110 0.100 
3̂ 1.6 0.094 0 .095 2528.3 0.252 0.270 8.40 0.148 0.150 
391.6 0.123 0 .121 2984.1 0.377 0.400 9.63 0.182 0.175 
491.6 0.203 0 .22 IO.65 0.215 0.214 
541.6 0.234 0 .241 11.68 0.247 0.246 
591.6 0.286 0 .288 12.28 0.285 0.274 
691.6 O.386 0.394 13.81 0.318 0.322 
14.70 0.340 0.335 
16.69 0.425 o.4io 
18.70 0.504 0.480 
Group 1 (e = 1.07) 
Table 3. Load Settlement Test Results Series I Footings on the Surface 
1" Base 2" Base 3" Base 
Load Settlement (inches) Load Settlement; (inches) Load Settlement (inches) 
(grams) Test 1 Test 2 (grams) Test 1 Test 2 (pounds) Test 1 Test 2 
1+1.6 0.000 0.000 267.5 0.000 0.000 1-37 0.000 0.000 
241.6 0.008 0.005 741.8 0.002 0.002 4.21 0.005 0.003 
3M.6 0.029 0.021 1209.0 0.012 0.010 9-21 o.o4o 0.035 
0.072 0.050 1664.8 0.030 0.025 14.21 0.107 0.120 
641.6 0.102 0.090 2125.7 0.045 0.050 19.21 0.165 0.160 
841.6 0.180 0.160 2692.1 0.060 0.060 24.21 0.235 0.215 
1041.6 0.280 0.260 3262.0 0.068 0.081 29.21 0.364 0.340 
3827.4 0.020 0.125 34.21 0.443 0.420 
4391-3 0.182 0.200 39-21 0.565 0.520 
4956.6 0.196 0.220 
5^14.2 0.234 0.260 
5914.2 0.300 0.320 
Group 2 (e = O.92) 
Table 4. Load Settlement Test Results Series I Footings on the Surface 
1" Base 2" Base 3" Base 
Load Settlement (inches) Load Settlement (inches) Load Settlement (inches) 
(grams) Test 1 Test 2 (grams) Test 1 Test 2 (pounds) Test 1 Test 2 
41.6 0.002 0 .000 267.5 0.000 0.000 1-37 0.000 0.000 
241.6 0.009 0 .010 2537.5 0.034 0.033 4.21 0.002 0.003 
441.6 0.025 0 .021 3101.4 0.045 0.050 9.21 0.015 0.010 
541.6 0.035 0 .030 3562.3 0.055 0.060 14.21 0.039 0.020 
7̂ 1.6 0.055 0 .040 4019.9 0.066 0.070 21.21 0.100 0.080 
941.6 0.085 0 .080 4487-9 0.080 0.080 24.21 0.117 0.100 
1041.6 0.100 0 .090 4962.2 0.103 0.090 34.21 0.170 0.150 
1166.6 0.166 0 .180 5527.6 0.115 0.100 39-21 0.213 0.190 
1291.6 0.242 0 .250 6094.0 0.135 0.120 44.21 0.270 O.269 
6663.9 0.166 0.160 49.21 0.325 0.340 
7119.7 0.191 0.200 54.21 0.415 0.420 
7685.O 0.220 0.230 
9955-0 0.522 0.500 
Group 3 (e = 0.86) 
Table 5« Load Settlement Test Results Series I Footings on the Surface 
1" Base 2" Base 3" Base 
Load Settlement (inches) Load Settlement (inches) Load Settlement (inchei 
(grams) Test 1 Test 2 (pounds) Test 1 Test 2 (pounds) Test 1 Test 2 
41.6 0.000 0.60 0.000 0.000 1.4 0.000 0.000 
499.2 0.002 3.45 0.003 0.000 4.2 0.000 0.000 
973-5 0.006 13.45 0.013 0.019 14.2 0.005 
1429-3 0.008 18.45 0.023 24.2 0.019 
1890.2 0.015 23.45 0.033 0.039 26.2 0.010 
2455-5 0.030 28.45 0.042 34.2 0.028 
3025.5 0.047 33.45 0.052 0.059 44.2 0.037 
3592.0 0.082 38.45 O .O65 51.2 0.025 
4157.4 0.290 43.45 0.077 0.088 54.2 0.047 
48.45 0.095 0.113 64.2 0.051 
53.45 0.120 0.142 72.2 o.o4o 







Group 4 (e = O.73) 
Table 5 (Continued) 
1" Base 2" Base 3" Base 
Load Settlement (inches) Load Settlement (inches) Load Settlement (inches) 
(grams) Test 1 Test 2 (pounds) Test 1 Test 2 (pounds) Test 1 Test 2 
112 .2 0.079 
114.2 0 . 1 0 0 
117.2 O.O85 
122 .2 0.091 
124.2 0 . 120 
127.2 0 .100 
132.2 0 .110 
134 .2 0 . 1 3 2 
137 .2 0 . 1 2 1 
142.2 0 .139 
144.2 0 . 1 6 0 
152 .2 O . I 8 5 
1 5 4 . 2 0.181 
162.2 0 .222 
164 .2 0 .205 
167 .2 0.722 Failure 





e Q P = Q / A 
lb/ft2 
cN £ c c 








0 31-0 80.0 1.07 330.0g 133.2 85 2-33 20.7 57-1 
0 31.0 80.0 1.07 337-0g 136.4 85 2.33 22.0 58.6 
8 35-0 86.5 0.92 575-0g 233.0 120 2.52 45.0 92.0 
8 35-0 86.5 0.92 606.Og 246.0 120 2.52 50.0 97-7 16 38.0 90.0 0.843 1060.Og 428.0 200 2.62 87.O 163.O 
16 37-5 89.4 0.86 io6o.og 428.0 200 2.6l 87.4 164.0 
43.0 96.O 0.73 3800.Og 1540.0 920 2.80 222.0 550.0 
43.0 96.O 0.73 3660.Og 1480.0 920 2.80 200.0 530.0 
2" Footing 
0 31.0 80.0 1.07 1600.Og 162.0 85 4.67 16.5 34.8 
0 31.0 80.0 1.07 1620.Og 163.4 85 4.67 17.0 35-0 
Co 35-0 86.5 O.92 3830.Og 387.0 120 5-05 52.8 76.6 
8 35-0 86.5 O.92 3830.Og 387.0 120 5.05 52.8 76.6 
16 37-5 89.4 0.86 5650.Og 571-0 200 5 .22 71.2 109.5 
16 37.5 89.4 0.86 6100.Og 6l6.0 200 5 .22 80.0 117.0 
43.0 96.0 0-73 55 .Olb 2520.0 920 5 .60 286.0 450.0 
43.0 96.0 0.73 •53.0lb 2430.0 920 5 .60 270.0 434.0 
Table 6 (Continued) 
h 0 7 e Q p=Q/A C N C I C - 7 ^ N N 7 Not 
(in) lb/ft 3 lb/ft2 lb/ft 2 lb/ft 2 Corrected Correct. 
3 " Footing 
0 3 1 . 0 8 0 . 0 1 . 0 7 4 7 5 0 . Og 2 1 3 * 0 8 5 7 . 0 0 1 8 . 3 3 0 . 4 
0 3 1 . 0 8 0 . 0 1 . 0 7 4 7 0 0 . O g 2 1 1 . 0 8 5 7 . 0 0 1 8 . 0 3 0 . 2 
8 3 5 . 0 8 6 . 5 0 . 9 2 2 2 . 7 1 B 463.0 1 2 0 7 . 5 7 4 5 . 4 6 1 . 0 
8 3 5.O 8 6 . 5 O . 9 2 2 3 . 0 L B 468.0 1 2 0 7 . 5 7 46.0 6 1 . 8 
1 6 3 7 . 5 8 9 . 4 0.86 3 9 . 3 1 B 8 0 0 . 0 2 0 0 7 . 8 2 7 6 . 8 1 0 2 . 0 
1 6 3 7 . 5 8 9 . 4 0 . 8 6 4 O . O L B 8 2 4 . 0 2 0 0 7 . 8 2 7 9 . 8 1 0 5 . 0 
4 3 . 0 9 6 . 0 0 . 7 3 1 6 3 . 0 1 B 3 3 2 0 . 0 9 2 0 8 . 4 L 2 8 5 . 0 3 9 5 . 0 
4 3 . 0 9 6 . 0 0 . 7 3 1 6 8 . O l b 3 4 2 0 . 0 9 2 0 8 . 4 L 2 9 7 . 0 4 0 6 . 0 
Table 7° Load Settlement Test Results Series II Footings Deep 
Group 1 (e = I.07) Group 2 (e = 0.92) 
2" Base 3" Base 2" Base 3" Base 
Load Settlement Load Settlement Load Settlement Load Settlement 
(pounds) (inches) (pounds) (inche s) (pounds) (inches) (pounds) (inches) 
Test 1 Test 2 
0 0.000 0 22 
0.000 
0.000 29 0.015 0.060 44 0.045 
29 0.050 44 0.000 49 0.105 0.077 84 0.060 
37 0.058 6k 0.000 69 0.227 0.160 124 0.100 
57 0.106 Qk 0.015 79 0.360 0.190 164 0.190 
77 0.490 104 0.034 87 0.475 0.200 204 0.381 
85 0.696 124 0.061 97 o.64o 0.230 224 0.500 
93 2.50 144 0.105 105 0.807 244 o.64o 
164 0.165 107 0.718 264 0.820 
204 0.505 113 0.985 284 1.045 
224 0.665 115 0.852 304 1.272 
244 0.915 113 1.510 324 1.495 
264 1.240 135 2.90 344 1.755 
284 1.675 153 2.20 364 2.020 
304 1.940 173 4.00 384 2.300 
324 2.335 404 2.632 
364 3.250 424 2.970 464 4.5+ 
Table 8 . Load Settlement Test Results Series II Footings Deep 
Group 3 (e = 0 . 8 6 ) Group 4 (e = O . 7 3 ) 
2" Base 3" Base 2" Base 2" Base 3" Base 
Load Settlement Load Settlement Load Settlement Load Settlement Load Settlement 
(pounds) (inches) (pounds) (inches) (pounds) (inches) (pounds) (inches) (pounds) (inches) 
0 0 .000 44 0 .000 0 
29 0 .052 84 0 . 0 0 1 35 
1+9 0 . 0 7 1 124 0 .010 90 
69 0 .110 164 0 .029 i4o 
89 0 . 1 8 4 204 0 . 0 7 4 165 
109 0 .292 244 0 .135 180 
129 0.14-75 284 0 .270 230 
1I4-9 0.845 324 0 .385 280 
157 1.010 364 0.535 330 
165 1.305 404 0 .745 380 
185 2 .375 444 1.095 430 
205 3.125 484 1 . 4 9 0 480 
225 4 .30 524 1 .980 530 
564 2.44o 580 
60 4 2 . 9 0 630 
644 3.520 680 












0 .000 0 0 .000 0 0 .000 
0 .010 90 0 .000 100 0 .000 
0 .035 190 0 .010 354 .015 
0 .380 290 .074 610 .039 
0 . 1 1 8 390 .100 855 .065 
0 . 1 3 0 490 .128 1122 .089 
0 . 1 5 4 590 .146 1367 .114 
0 .170 690 .164 1524 .146 
0 .185 790 .184 1744 .208 
0 . 1 9 8 890 .200 2000 .254 
0 . 2 1 1 114o .264 2238 .288 
0 . 2 2 6 1394 .345 2488 .325 
0 . 2 4 1 1494 .365 2745 • 370 
0 .255 1594 .409 2995 .433 
0 .270 1694 .460 3359 .580 
0 .282 1794 .495 3609 .590 
0 .312 1894 .560 3859 .600 
0 .347 1994 .620 4109 .620 
0 . 3 7 8 2094 .700 4319 .640 
0 .412 2194 .780 4582 .650 
0 .453 2294 .860 5102 .680 
0 .500 2394 • 955 5357 .700 
0 .550 2494 1.035 5612 • 735 
0 .615 2594 1.125 6096 .820 
O . 69O 2694 1.245 6367 .875 
O.78O 2794 1.307 6580 .910 
0 .822 2894 1.560 6840 .960 
1 .24 2994 1.650 7096 1.040 
Table 8 (Continued) 
Group 3 (e = 0.86) Group 4 (e = O.73) 
2" Base 3" Base 2" Base 2" Base 3" Base 
Load Settlement Load Settlement Load Settlement Load Settlement Load Settlement 
(pounds) (inches) (pounds) (inches) (pounds) (inches) (pounds) (inches) (pounds) (inches) 
1980 1.39 3250 2, • 310 7366 1.115 
2080 1.56 3495 3-.130 7629 1.170 
2180 1.72 3645 00 .700 7888 1.220 





Table 9- Tabular Computation of N r 
CD 
-p 





^S- IS- + 
^s. -P -P ^ o ^ o 
S vo 
HI OJ Q a* 
^ CD CD "̂S- K -P OO si O P -P 
. , S O —- O [| Ii +r P o o o o O K + + -cH -° 7 q p N c H|OJ o ft pn O S S 
lb/ft 3 lb/ft 2 lb/ft2 lb /ft 2 lb/ft2 lb/ft2 lb /ft 2 lb/ft2 lb/ft 2 
31° 1.73 80.0 86 3940 20 2.13 133 3.68 3944 3810 204 18.7 19.4 
35° 1.43 86.5 108 4960 45 2.17 324 3.10 4963 4639 219 21.7 22.6 
35° 1A3 86.5 102 4680 45 2.17 324 3.10 4683 4359 219 19.9 21.4 
37*5° 1.30 89.4 144 6600 75 2.75 558 3.57 660 4 60 46 232 26.2 28.6 43° 1.07 96.O 1880 86400 250 6.96 2000 7.45 86408 84408 248 341.0 349.0 
V3° 1.07 96.0 2250 103100 250 6.96 2000 7.45 103108 101108 248 409 o0 417.0 
31° 1-73 80.0 276 5620 20 2.13 200 3.68 5624 5424 304 17.9 18.5 
35° 1A3 86.5 320 6520 45 2.17 486 3.10 6523 6037 327 18.4 19.9 37-5° 1.30 89.4 480 9770 75 2.75 838 3.57 9774 8936 339 26.4 28.8 
43° 1.07 96.O 8466 173000 250 6,96 3000 7.45 173008 170008 368 463.0 471.0 1+3° 1.07 96.O 8646 176000 250 6.96 3000 7.45 176008 173008 368 471.O 479.0 
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Figure 1. Angle of Internal Friction vs Void Ratio. 
DROP (h) IN INCHES 
Figure 2. Height of Fall vs Void Ratio Curves. 
Figure 3* Load Settlement Curves (l" Footings). 
Figure 4. Load Settlement Curves (2" Footings). 
LOAD (POUNDS) 
Figure 5* Load Settlement Curves (3" Footings). 
Figure 6. Load Settlement Curve (l" Footing). 
Figure J . Load Settlement Curves (2" Footings). 
L O A D ( P O U N D S ) 
Figure 8. Load Settlement Curves (3" Footings). 
CTN 
Figure 9« Graph Showing Existance of Cohesion in the Sand. 
0.8 0.9 1.0 VOID RATIO (e) 





























1.0" DIAMETER BASE 
2.0" DIAMETER BASE 
3.0" DIAMETER BASE 
J I I 
• 
0.90 0.80 
VOID RATIO (e) 
0.70) 
0.90 0.80 
VOID RATIO (e) 
0.70 
Figure 11. Bearing Capacity Factors vs Void. Ratio. 
1,000 




101 I I I I I I I I I I I I I I I I I I I I I L 
25 30 35 40 45 50 
ANGLE OF INTERNAL FRICTION 0 (DEGREES) 
Figure 12. Results of Surface Plate Load Test Giving the Bearing Capacity 
Factor (N ) as a Function of the Angle of Internal Friction (0). 
o 
1,000 
30 3 5 40 45 5 0 
A N G L E O F I N T E R N A L F R I C T I O N , 4> D E G R E E S 
D E B E E R A N D V E S I C , 1958 
C A Q U O T A N D K E R I S E L , 1956 
M E Y E R H O F , 1955 
Figure 13. Comparison of N Values for Surface Foundations. 

Figure 151 Load Settlement Curves (2" Footings Series I I ) . O A 0 0 
L O A D ( P O U N D S ) 
TOO 2 0 0 3 0 0 4 0 0 5 0 0 6 0 0 
Figure l6» Load Settlement Curves (3" Footings Series Ii). 
LOAD (POUNDS) 
1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 
Figure 1 7 . Load Settlement Curve ( 3 " Footing Series I I ) . CA 
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io I I i i i i i i i i i I i i i i l i i i i i i i i i l i i i i i i i 1 1 l 
30 35 4 0 45 50 
A N G L E O F I N T E R N A L F R I C T I O N , 0 D E G R E E S 
T H E O R E T I C A L D E E P V A L U E S 
O D E E P T E S T V A L U E S 
T H E O R E T I C A L S U R F A C E V A L U E S 




Figure 21. Large Surface Loading Apparatus. 
7 0 
Figure 23. Small Lever Apparatus for Deep Load Testing. 
Figure 25. Charging the Bin for a Deep Load Test. 
FAILURE ZONE 
DOESN'T APPEAR 
NO NOTICEABLE BULGE 








Figure 26. Cross S e c t i o n s A c r o s s the Center o f the Foo t ing 
A f t e r F a i l u r e has Occurred . 
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